Context. GRB 190114C is the first GRB for which the detection of very-high energy emission up to the TeV range has been reported. It is still unclear whether environmental properties might have contributed to the production of these very high-energy photons, or if it is solely related to the released GRB emission. Aims. The relatively low redshift of the GRB (z = 0.425) allows us to study the host galaxy of this event in detail, and to potentially identify idiosyncrasies that could point to progenitor characteristics or environmental properties responsible for such a unique event.
Introduction
Gamma-ray burst (GRB) host-galaxy studies have been important to constrain the properties and nature of the progenitor objects Vergani et al. 2015; Krühler et al. 2015; Perley et al. 2016a,b; Palmerio et al. 2019) . Different types of progenitors are expected to be found in different types of galaxies, or in particular regions within them (Fruchter et al. 2006; Kelly et al. 2008; Svensson et al. 2010; Modjaz et al. 2011; Sanders et al. 2012; Kelly et al. 2014; Lyman et al. 2017; Japelj et al. 2018) . Most of the studies performed on GRB hosts have been based on observations in the optical and near-infrared range, where they have traditionally been more feasible. Until recently, observations of the host galaxies of GRBs at longer wavelengths were limited to small samples that were necessarily biased towards the very brightest objects due to the sensitivity of the observatories (Tanvir et al. 2004; Hatsukade et al. 2011; Michałowski et al. 2012; de Ugarte Postigo et al. 2012) , and by the limited availability of space observatories (Hunt et al. 2014; Schady et al. 2014) . In particular, one of the most relevant ranges of study lies at millimetre and submillimetre wavelengths, where emission of cold dust within galaxies can be observed. This wavelength range also covers many of the interesting atomic and molecular features associated with the clouds where GRB progenitors are expected to form. Furthermore, light emitted in this wavelength range is not affected by dust obscuration, enabling us to penetrate the densest regions of the galaxies. In the last years, new powerful millimetre and submillimetre observations, such as those performed by ALMA or NOEMA, are allowing us to study in detail GRBs and their galaxies using photometric (Wang et al. 2012; Hatsukade et al. 2014; Sánchez-Ramírez et al. 2017; Laskar et al. 2018) , spectroscopic (Michałowski et al. 2016; de Ugarte Postigo et al. 2018; Hatsukade et al. 2019 ) and polarimetric (Laskar et al. 2019) techniques.
GRB 190114C, localised (Gropp et al. 2019 ) by the Neil Gehrels Swift Observatory (Swift hereafter; Gehrels et al. 2004) , is the first GRB with confirmed very-high energy (VHE) emission (up to one TeV), and is thus a milestone in high-energy as- trophysics (Mirzoyan et al. 2019) . The GRB had one of the highest peak photon fluxes detected by BAT (Krimm et al. 2019) , and was found to be at a redshift of z = 0.425 Castro-Tirado et al. 2019) . The sightline was significantly extinguished . Despite this, the early afterglow was exceedingly bright (Lipunov et al. 2019) . Archival imaging from Pan-STARRS revealed what was later confirmed to be an underlying host galaxy ).
Although HE γ-rays, as have been observed by Fermi-LAT, can be caused by the high-energy tail of bright afterglow emission (see Ajello et al. 2019 for an overview of observations and their interpretation), no VHE photons have been observed exceeding ≈ 160 GeV (rest-frame; see Takahashi 2019 for some very recent results). It has been proposed that the production of VHE emission could be due to other processes involved in the interaction of the burst ejecta with the circumburst medium (see e.g. Böttcher & Dermer 1998; Pe'er & Waxman 2005; Fan et al. 2008; Wang et al. 2010 ; for reviews : Inoue et al. 2013; Nava 2018) . If a particularly dense environment was related to the VHE emission, one would expect to find VHE-emitting events in a particular region of the galaxy, where such conditions would be more favourable, such as the core of the galaxy or locations with a large amount of line-of-sight absorption 1 .
In this paper we present optical, near-infrared, and submillimetre photometry and spectroscopy of the host galaxy of GRB 190114C. We explore the peculiarities of this event and any distinctive factor that could have favoured the generation of the VHE photons that were observed.
Sect. 2 presents the observational data, Sect. 3 the results of our imaging and spectroscopic analyses. In Sect. 4 we discuss the implications of our findings. Sect. 5 presents our conclusions. Throughout the paper we use a cosmology H 0 = 71 km s −1 Mpc −1 , Ω M = 0.27, and Ω Λ = 0.73 (Spergel et al. 2003) . Unless specifically stated, the errors provided within this paper are 1-σ. 1 The recently discovered, very nearby GRB 190829A (The Fermi GBM team 2019; Dichiara et al. 2019) , which has also been detected at extremely high energies (de Naurois 2019), also lies behind a highly extinguished line-of-sight (Heintz et al. 2019, J. Bolmer, priv. comm.) .
Observations

Optical and near-infrared imaging from HST with ACS and WFPC3
The WFC3, MacKenty et al. 2010) . Data were first corrected for charge transfer efficiency (CTE) corrections to remove significant CTE features due to the harsh radiation environment, as well as the removal of bias striping. Processed images were then reduced and combined via astrodrizzle with a final pixel scale of 0 . 025/pixel. Images were co-aligned by the use of point sources in common to the different filters. The GRB is located near the core of its host galaxy, at 0 . 030 ± 0 . 010 (or a projected distance of 170 ± 60 pc) towards the Southeast of the galaxy's light centre. This is shown by image subtraction in the F775W and F850LP bands, where both afterglow and host are well-detected, with consistent offsets in both bands.
The host galaxy has a projected size of 1 . 6 × 0 . 8, equivalent to 9.1 × 4.5 kpc, as measured from the 3-σ detection contours of an image combining all the visible bands. We also measure a radius of the galaxy of r 50 = 0 . 34 = 1.90 kpc (containing 50% of the light), or r 80 = 0 . 62 = 3.45 kpc (containing 80% of the light). These radii have been determined using the method described by Blanchard et al. (2016) .
In addition to the host galaxy of the GRB an additional galaxy is detected at a distance of 1 . 2 ± 0 . 1 (see Fig. 1 ). In this paper we confirm that both galaxies lie at the same redshift thanks to the ALMA spectroscopy described in Sect. 2.5. At a redshift of z = 0.425 this is equivalent to a projected distance of 6.8 ± 0.6 kpc.
The counterpart is detected in the reddest bands during the first epoch (Acciari et al. 2019, in press ), being particularly prominent in the F775W band. In this paper we use the data from the fourth epoch, in which the GRB contribution is negligible, to study the host galaxy. The photometry was performed with SExtractor (Bertin & Arnouts 1996) using elliptical apertures with sizes based on the Kron radius (Kron 1980) , and using the zero points provided by the Space Telescope Science Institute for each of the filters at the specific epoch of the observation (Sirianni et al. 2005) . The values obtained using this method (see Table 1 ) were compared to other aperture photometry methods, yielding similar results.
Near-infrared imaging from VLT/HAWK-I
More than two months after the GRB, on 23 March 2019, the field was observed in the near-infrared (NIR) bands with HAWK-I (High-Acuity Wide-field K-band Imager; Pirard et al. 2004 ) mounted on the fourth Unit Telescope (UT4) of the Very Large Telescope (VLT), managed by the European Southern Observatory (ESO). The observation was performed within the Stargate collaboration programme 0102.D-0662 (P.I.: Tanvir). Both galaxies are well-detected and resolved in the three observing bands J, H, and K S , with a seeing of 0 . 60, 0 . 55, and 0 . 60, respectively. This allowed us to perform independent photometry of both the host and the companion galaxy. Data reduction was performed with a self-made pipeline based on IRAF routines. We obtained seeing-matched aperture photometry calibrated with respect to field stars from the 2MASS catalogue (Skrutskie et al. 2006) . This photometry is shown in Table 1 .
Ultraviolet and infrared archival photometry from GALEX and WISE
We complement the host-galaxy photometry with catalogue ultraviolet observations from GALEX (Bianchi et al. 2011 ) and infrared observations from WISE (Wright et al. 2010) . Unfortunately, the spatial resolutions of GALEX (4 . 2 in the FUV and 5 . 3 in the NUV band) and of WISE (6 . 1 in the 3.4 µm and 6 . 4 in the 4.6 µm band) are not enough to resolve the two objects, and we can only obtain combined photometry of both galaxies. The GALEX photometry was obtained from the GALEX Merged Catalog (MCAT) GR6/7 Data Release 2 . For WISE observations we used the photometry from the AllWISE source catalogue 3 , transforming them from Vega to AB system with the corresponding AB-to-Vega offsets of 2.699 and 3.339 mag in the 3.4 and 4.6 µm bands, respectively (Tokunaga & Vacca 2005) .
VLT/X-shooter spectroscopy
Spectroscopy of GRB 190114C was obtained with the three-arm X-shooter echelle spectrograph (Vernet et al. 2011) , mounted on UT2 of VLT (programme 0102.D-0662, P.I.: Tanvir). Two epochs of X-shooter observations were obtained, beginning respectively 4.8 hr and 76 hr after the Swift trigger (see Thöne et al. in prep. for more details). The initial results were reported by Kann et al. (2019) . The first observation was carried out using the 1 . 0/0 . 9/0 . 9 slit, with observations lasting 4 × 600 s. The second 2 http://galex.stsci.edu/GR6/ 3 https://irsa.ipac.caltech.edu/Missions/wise.html Table 1 . Magnitudes (AB system) for the host galaxy, not corrected for Galactic extinction. T-T 0 indicates the epoch of the observation in days since the burst onset, where pre indicates data obtained in a preexplosion epoch. observation consisted of an 8 × 1200 s spectroscopic integration with the 1 . 0/0 . 9/0 . 9JH slit. The observations were performed using a nodding scheme with a 5 . 0 nodding throw. Because the host is small and the surrounding regions are mostly empty, this allows for a very clean background subtraction. In this paper we use the second observation to perform emission-line analysis of the host galaxy of GRB 190114C. This second epoch was divided into two executions of a 4×1200 s observing block. The slit was aligned with the parallactic angle at the beginning of each execution (see Fig. 1 ), and all the data were then combined to produce the spectrum that we used in this paper. The combined observation included the core of the host galaxy in the slit, with no significant contribution coming from the companion galaxy. The resulting spectrum covers the spectral range between 3200 and 18000 Å. Table 3 . The blue cross indicates the location of the afterglow.
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Fig. 3. SED of the host galaxy of GRB 190114C (blue) and its companion (red). The dashed lines indicate the fits without considering the GALEX
and WISE photometry, where the two objects are blended. The solid lines are the fits considering also that photometry. In green we show the combined light of both galaxies. The spectrum of the second visit of X-shooter, which is afterglow-dominated above 5000 Å, is plotted in grey.
ALMA CO(3-2) imaging and spectroscopy
Millimetre observations, tuned to cover the CO(3-2) line at the redshift of the GRB (i.e. 242.663 GHz), were carried out with the Atacama Large Millimeter Array (ALMA) observatory in Band 6, within the context of DDT programme ADS/JAO.ALMA#2018.A.00020.T (P.I.: de Ugarte Postigo). Five individual executions were performed in three independent epochs ranging between January 17 and 18, 2019. The configuration used 47-48 antennas with baselines ranging from 15 m to 313 m (12 − 253 kλ at the observed frequency). Each observation consisted of 43 min integration time on source with average weather conditions of precipitable water vapour ∼ 3 − 4 mm. The correlator was configured for a central observed frequency of 235.0487 GHz. The data were calibrated within CASA (Common Astronomy Software Applications, version 5.4.0, McMullin et al. 2007 ) using the pipeline calibration. The spatial resolution of the spectral data cube obtained by the pipeline products that combined all five executions was 1 . 16 × 0 . 867 (Position Angle −87.9 • ), which was just enough to resolve both host galaxy and companion and perform independent analysis. The spectroscopic measurements were also analysed within CASA. The flux calibration was performed using the quasar J0522-3627 in the first two epochs and with J0423-0120 for the last one.
The CO(3-2) zero-moment image is shown in Fig. 2 . To image the CO emission, continuum subtraction was performed in the UV visibilities using line free channels on both sides of CO(3-2). The spectral ranges used to fit the continuum were 241.839 − 242.433 and 242.800 − 243.574 GHz, which corresponds to a line emitting region of ∼450 km s −1 . In order to ensure that the CO map in Fig. 2 was not contaminated by residual continuum, we integrated several random velocity ranges within the considered line free regions. No significant residual continuum was detected on those verification maps.
Results
SED fits
In Table 1 we show the observed magnitudes of the host galaxy of GRB 190114C and its companion, based on the datasets described in Section 2. These observations were corrected for Galactic extinction (E(B − V) = 0.011, Schlafly & Finkbeiner 2011) before proceeding with the SED fitting.
We used LePhare (Arnouts et al. 1999; Ilbert et al. 2006 ) to fit these photometric data with a set of galaxy templates based on the models of Bruzual & Charlot (2003) and a Calzetti extinction law (Calzetti et al. 2000) . LePhare uses an exponentially declining star-formation history (SFH) and a Chabrier initial mass function (IMF, Chabrier 2003) .
To be able to include the unresolved photometry provided by GALEX and WISE, we used the following iterative process: First we obtained an SED fit using only the resolved photome- try from HST and VLT. Using these models, we estimated the fraction with which each of the galaxies would be contributing to the photometry in each of the unresolved bands, and used this fraction to estimate the photometry of each of the galaxies in the above-mentioned bands based on the blended photometry. Then, the SED fit was performed again using all the bands. The process was iterated until it converged. This process required only a few iterations, rapidly converging to the parameters shown in Table 2 . Figure 3 shows the different fits. It is worth noting that although the GALEX and WISE photometry helps to get a better constraint on the galaxy models, the results differ only slightly from those obtained just with the HST/ACS and VLT/HAWK-I data.
Molecular analysis
The submillimetre data at the time of our observation were dominated by the afterglow emission (for a detailed analysis of the continuum emission see Acciari et al. 2019, in press, and Misra et al. in prep.) . This implies that we cannot study the continuum emission of the host galaxy.
After subtracting the afterglow continuum we are left with the CO(3-2) emission, which reveals the two galaxies identified by HST, for which we obtained independent spectroscopy. Using the apertures shown in Fig. 2 we extracted the spectra of the GRB host, the companion galaxy, and the combined system. The CO(3-2) lines detected in all of these spectra were used to calculate the flux density, redshift, full width half maximum (FWHM) and relative velocity of the galaxies. From the CO flux, and knowing the distance to the galaxy we can determine the luminosity of the line and, with some assumptions, determine the expected SFR for the amount of CO and the expected mass of H 2 . We used two assumptions for the CO-to-H 2 conversion factor. First we used α CO = 5 M /(K·km/s·pc 2 ) (we will drop the unit in what follows) in order to enable direct comparison with previous work. Then, we used the metallicity-dependent calibration of Amorín et al. (2016) , which for the metallicity of the host results in α CO = 18.2. This spectral analysis is presented in Table 3. As was already evident in Fig. 2 , the companion galaxy is more luminous in the CO(3-2) transition, in contrast to the optical emission, where the host galaxy of GRB 190114C dominates.
The CO emission of both galaxies turns out to be almost coincident in redshift. The centres of the emission lines differ by only 50 ± 20 km/s (see Fig. 4 ). This confirms that the two galaxies are, indeed, at the same distance. Together with the small projected distance between the two galaxies and the somewhat disturbed morphology shown by the GRB host, this suggests that we are seeing an interacting system.
The centre of the host galaxy and the afterglow are located close to each other, but not completely coincident. Using the ALMA data we measure a distance between them of 0 . 094 ± 0 . 065 equivalent to a projected distance of 530 ± 370 pc. This is larger than the 0 . 030 ± 0 . 010 or a projected distance of 170 ± 60 kpc derived from the HST imaging but consistent within errors, resulting from the larger uncertainty of the ALMA astrometry. In any case, a displacement of the molecular gas centroid with respect to the optical galaxy core could be a consequence of the galaxy interaction that we are observing. Comparison of the lines detected in the ALMA and X-shooter spectra. This plot shows how the host emission lines in both the ALMA and X-shooter spectra are coincident. However, the absorption features that are present in the spectrum are displaced and cover a much larger range in velocities than the emission, even when compared with the interacting companion galaxy, which is shown in the top panel.
Host emission-line analysis
We detect a number of emission lines from the host in the second epoch X-shooter spectrum (see Table 4 ). Among them are the usual prominent strong lines, but we also detect [S iii] λ 9071 and emission lines of [Ne iii] and He i λ 5876 and 10833, the latter which are only present in young stellar populations of age < 50 Myr (González Delgado et al. 1999 ).
The absolute flux calibration of the spectrum was fine-tuned using the simultaneous GROND multiband photometric measurements (Acciari et al. 2019, in press ). Several lines are affected by telluric absorption and especially the Balmer lines show signs of absorption along the line-of-sight in the host. To measure the fluxes of these lines, we mask the contaminated regions and fit the remaining part of the emission line with a Gaussian function. Fluxes of non-contaminated lines are measured by a simple integration. Errors are obtained via Monte Carlo (MC) simulation using the error spectrum and cross-checked with the r.m.s. of the spectral continuum. For 1000 simulated events we repeatedly added random Gaussian noise (standard deviations Article number, page 5 of 11 A&A proofs: manuscript no. grb190114C_host were taken from the error spectra) to the best-fit model and fitted the resulting spectrum by the same model. The obtained distribution of best-fit parameters was then used to compute the 1-sigma errors. In addition, the Hβ and Hγ lines are likely affected by underlying stellar Balmer absorption as suggested by the high stellar mass. Since even the second epoch X-shooter spectrum is dominated by afterglow emission, however, we cannot directly search for the wings of the absorption around the Balmer lines.
To determine the host-averaged attenuation we compare the Balmer decrement to the theoretical predictions for an electron temperature of 10 4 K and densities of 10 2 − 10 4 cm −2 (i.e. case B recombination; Osterbrock 1989 ). The attenuation is derived by simultaneously minimising the ratios of the Hα, Hβ and Hγ lines and assuming different extinction curves: the average extinction curves of the Milky Way (MW, Pei 1992) and the Small Magellanic Cloud (SMC, Pei 1992), as well as the attenuation curve for starburst galaxies (Calzetti et al. 2000) . Errors are obtained via MC simulation. The three different curves give slightly different results, but all point toward a relatively high value. For MW extinction we obtain E(B − V) = 0.83 ± 0.03 mag, for SMC E(B − V) = 0.76 ± 0.02 mag and a starburst attenuation curve gives E(B − V) = 0.92 ± 0.03 mag. Our analysis does not show any strong preference for a particular type of attenuation.
The attenuation-corrected Hα flux is then used to estimate the star-formation rate (SFR), adopting the Kennicutt (1998) relation for a Chabrier (2003) IMF. The values range from SFR ∼ 13 − 25 M yr −1 , depending on the extinction relation used. The electron density was derived from the ratio of the [O ii] lines: n e = 87 ± 0.16 cm −3 (Osterbrock 1989) . A similar value is obtained via the ratio of the [S ii] λλ6727, 6732 doublet. Finally we also determine metallicities using two calibrators based on the recalibration of the O3N2 and N2 parameters with T e -obtained metallicities in Marino et al. (2013) . For O3N2 we obtain 12 + log (O/H) = 8.27 ± 0.03 while for N2 we get 12 + log (O/H) = 8.38 ± 0.02. The more reliable metallicity determination from the electron temperature cannot be applied here since the T e -sensitive [O iii]λ4363 line is not detected. Note that the O3N2 parameter might suffer slightly from unaccounted stellar absorption in Hβ, however the values from both calibrators are consistent within errors. 
Notes.
a Fluxes obtained by simple integration, b the line is affected by line-of-sight absorption in the afterglow continuum, fluxes are obtained by fitting a single Gaussian to the emission part, c the line suffers from residual sky emission, the flux is obtained by using the unaffected blue wing of the line and approximating it with a Gaussian with a fixed centre.
Discussion
The host of GRB 190114C has a projected size of 1 . 6 × 0 . 8, and a half light radius of r 50 = 1.90 kpc (or an 80% light radius of r 80 = 3.45 kpc). We compare this with the samples of Lyman et al. (2017) and Blanchard et al. (2016) , which used HST data of 39 and 105 GRB hosts, respectively. The Lyman et al. (2017) infrared filter, whereas the Blanchard et al. (2016) uses whatever filter was available for each of the hosts in the HST archive, with preference towards optical data from the ACS instrument. Lyman et al. (2017) determined an average radius of r 50 = 1.7 ± 0.2 kpc (r 80 = 3.1 ± 0.4 kpc), which is similar to the value obtained by Blanchard et al. (2016) of r 50 = 1.8 ± 0.1 kpc (r 80 ∼ 3 kpc). This means that the host galaxy of our study is slightly larger than the average but well within what is typically found for GRB hosts. Our galaxy shows a tidally disrupted morphology, with the GRB occurring within the bulge of the galaxy at 170±60 pc from the galaxy centre. This offset is significantly smaller than the average one found for GRBs, which was measured to be 1.0 ± 0.2 kpc by Lyman et al. (2017) or 1.3 ± 0.2 kpc by Blanchard et al. (2016) . By examining the location of the host galaxy in a BPT diagram (Baldwin et al. 1981) , we can discard the presence of a central AGN and any additional variability produced by it. This allows us to conclude that the detected emission is only related to the GRB, and the offset measured from the host galaxy core is accurate. The location of GRB 190114C is even more outstanding when we look at the normalised offset, calculated as the ratio between the measured offset and the half light radius of the galaxy (see Fig. 5 ). The average values measured within the HST GRB host samples were of Offset/r 50 = 0.6 ± 0.1 (Lyman et al. 2017) and Offset/r 50 = 0.7 ± 0.2. In our case we measure Offset/r 50 = 0.09 ± 0.03.
A second galaxy is located at the same redshift, with a velocity difference of only 50 ± 20 km/s and a projected distance of 6.8±0.6 kpc suggesting that the two galaxies are interacting. The mass ratio between the two galaxies is M comp /M host = 4.8
implying that the interacting system can be classified as a minor merger, which are those with a mass ratio larger than 3.0 (Scudder et al. 2012) , although the uncertainty is large and could make the system also consistent with a major merger. Furthermore, the system can be classified as a close pair, which includes those galaxies with a projected separation r p < 30 kpc. Interacting systems result in an enhancement of the SFR, which is even higher in the case of major mergers and is maximised in the case of close pairs. At a distance of less than 10 kpc, Scudder et al. (2012) showed that major mergers have an average increase in SFR of a factor of two, whereas minor mergers have increases of a factor in the range 1.5-2. The interaction also results in a decrease in the metallicity of the system, as compared to non-interacting galaxies. Although this shows a weaker trend as the projected distance changes, it is also maximised for the closest interacting galaxies, where the metallicity changes by ∆ log(O/H) ∼ −0.05. Violino et al. (2018) , in a study of molecular gas in galaxy pairs, found that they have shorter depletion times and an enhancement of the molecular gas fraction of 0.4 dex as compared to a control sample of isolated galaxies, although being consistent with other galaxies with similarly enhanced SFR. Indeed, the host of GRB 190114C is not molecule deficient, as has been found in other GRB hosts (Michałowski et al. 2018a) , and both host and companion have molecular gas fractions that are higher than those found in the control sample. We do note that Violino et al. (2018) used a CO-to-H 2 conversion factor that was lower than any of the ones that we used, but even considering that, both the GRB host and the companion galaxy have molecular gas fractions that are consistent with the galaxy-pair sample and larger than the control one.
The increase in SFR and the decrease in metallicity found in galaxy pairs are factors that favour the production of the stars that end up generating a long GRB on timescales of a few tens of Myr. Together with the high molecular-gas fraction found in the GRB host and companion, this leads us to believe that the influence of the interaction on the current conditions of the system have been a key factor to generate the conditions that gave rise to the progenitor of GRB 190114C.
The host is star-forming, as shown in the different methods that we applied in our analysis. The SED fit reveals a somewhat unconstrained value of SFR = 9.4 +12.8 −6.4 M yr −1 , whereas the analysis of the strong emission lines implies a SFR ranging from 13 to 25 M yr −1 , depending on the extinction law used. Although the values that we obtain vary, they consistently show significant star-formation activity within the host. This is not the case for the companion galaxy, for which we estimate a SFR = 0.28
−0.15 M yr −1 from the SED fit. The total SFR and molecular gas masses are known to be correlated. Directly from the CO luminosity, and assuming low metallicity (12 + log (O/H) < 8.4) we can estimate a SFR of 33 ± 8 M yr −1 (Hunt et al. 2015) for the host galaxy, while we get a SFR = 74 ± 15 M yr −1 for the companion. However, in the case of the companion, the low metallicity assumptions are probably not valid (although we do not have a measurement of it), leading to an overestimated star-formation rate from the CO data. In any case, this is clearly a molecule-rich galaxy.
Using a different approach based on the relation derived by Michałowski et al. (2018a, Eq. 1) , for SFR = 9.4 − 25 M yr −1 of the GRB 190114C host, we can predict log M H 2 = 10.05−10.49. This is significantly larger than our estimated value log M H 2 = 9.14 with α CO = 5 or 9.69 with a metallicity-dependent factor (Amorín et al. 2016 ) of α CO = 18.2, so the host would be molecule-deficient, as claimed for a few other GRB hosts (Hatsukade et al. 2014; Stanway et al. 2015; Michałowski et al. 2016 Michałowski et al. , 2018a . On the other hand, the companion galaxy with SFR = 0.28 M yr −1 is expected to have log M H 2 = 8.44, an order of magnitude less than the measured value. Hence, the companion is very molecule-rich compared to other galaxies with similar SFR. In the top panel of Fig. 6 , adapted from Michałowski et al. (2018a) , we plot the two galaxies as compared to other GRB hosts and several galaxy samples (Hunt et al. 2014 (Hunt et al. , 2015 (Hunt et al. , 2017 Cormier et al. 2014; Grossi et al. 2016; Young et al. 1989; Leroy et al. 2008; Solomon et al. 1997; Sanders et al. 1991; Bothwell et al. 2013 Bothwell et al. , 2014 Bertemes et al. 2018; Krumholz et al. 2011; Daddi et al. 2010) . However, the CO-to-H 2 conversion factor depends on metallicity (Bolatto et al. 2013 ). This was parametrised by Michałowski et al. (2018a, Eq. 3) as a relation Article number, page 7 of 11 A&A proofs: manuscript no. grb190114C_host . Top: Infrared luminosity and SFR as a function of the CO luminosity, using a CO-to-H 2 conversion factor of α CO = 5 M /(K·km/s·pc 2 ). The host of GRB 190114C is indicated with a black, filled square, whereas the companion is an empty square. They are compared to the existing sample of GRB host galaxies and other galaxy samples. Bottom: Molecular gas depletion time (or the inverse of the starformation efficiency), i.e. the ratio of the CO luminosity to the infrared luminosity or the corresponding molecular gas mass with the CO-to-H 2 . In this case, only the host galaxy is shown, since the metallicity is not available for the companion, together with several galaxy samples. Adapted from Michałowski et al. (2018a) . between molecular-gas depletion time M H 2 /SFR and metallicity. For 12 + log (O/H) = 8.3 for the GRB 190114C host, this relation predicts log M H 2 = 9.21-9.64, consistent with the value that we find (see the bottom panel of Fig. 6 ).
The resulting gas-to-stellar ratios of the host and the companion of 0.74 and 0.44, respectively, are within the values found for other galaxies (Leroy et al. 2008; Boselli et al. 2010 Boselli et al. , 2014 Bothwell et al. 2014; Michałowski et al. 2015) . The value of 2.7 derived for the host using α CO = 18.2 is close to the highest measurements for other galaxies.
To put the emission-line properties of the host into the context of other long GRB hosts we compare the mass-metallicity (MZ) relation and the SFR/SSFR-mass relation to those of other long GRBs as well as samples from the literature up to redshifts of ∼ 2. In Fig. 7 we plot the MZ relation of long GRB hosts compared to galaxy samples and the fit to the MZ relation at different redshifts. In contrast to many other comparisons in the literature, we derive metallicities consistently from one single calibrator Fig. 7 . Mass-metallicity relation for the host of GRB 190114C and other long GRB hosts. As comparison samples we plot data from SDSS DR15 (z = 0 − 0.32) a , the KMOS3D sample (z = 0.6 − 2.7, Wuyts et al. 2016 ), extreme emission-line galaxies found in the VVDS (z = 0−0.9, Amorín et al. 2014) as well as the MASSIVE sample (z = 0.9 − 2.2, galaxies from the VVDS sample followed up by SINFONI, Contini et al. 2012) b . We only plot galaxies up to a redshift of 2.1 for better visualisation. All metallicities except the Amorín et al. (2014) EELG sample are derived from the N2 parameter and the Marino et al. (2013) calibration, Amorín et al. (2014) metallicities were derived via the T e method. We also plot the MZ relations at z = 0.07 (Zahid et al. 2013) , z = 0.9 and z = 2.3 (Wuyts et al. 2014) , which are also based on N2 parameter metallicities. The MZ relations were corrected for the difference in metallicity calibrators.
a https://www.sdss.org/dr15/ b http://cosmosdb.iasf-milano.inaf.it:8080/VVDS-SINFONI/ Fig. 8 . Specific SFR vs. stellar mass relation for the host of GRB 190114C and other long GRB hosts, the specific SFR was obtained by weighting it with the stellar mass. References to the comparison sampels are the same as in Fig. 7 , we also add a sample of star-forming galaxies from the VUDS survey (Calabrò et al. 2017 ) but leave out the MASSIVE sample. SFRs for the comparison samples were largely derived by SED fitting except for the KMOS3D sample. The grey lines are fits with a broken powerlaw and a cut-off mass of log M = 10.2 M at different redshifts derived by Whitaker et al. (2014) . Error bars for the comparison samples have been omitted for clarity. GRB 190114C falls slightly below the MZ relations at z = 0.07 and even z = 0.7, but has a relatively high mass compared to other GRB hosts at that redshift. The stellar mass is ∼ 1 dex higher than the median value of GRB hosts at 0 < z < 1 as measured for the BAT6 host sample (Vergani et al. 2015) but consistent with those of z > 1 hosts (Palmerio et al. 2019) . One has to consider, however, that GRB 190114C was close to the centre of a large spiral galaxy, which usually has a negative metallicity gradient (decreasing towards the outskirts of the galaxy), while in other spiral GRB hosts the GRB occurred in the outer spiral arms (see e.g. Izzo et al. 2019) . Hence the GRB site is likely more metal-rich than the measurements that we can make of the overall galaxy from strong-line analysis and could be close to solar, which would be exceptional for a GRB site (but see e.g. Elliott et al. 2013; Schady et al. 2015; Michałowski et al. 2018b) .
We also compare the SFR and SSFR (SFR weighted by the stellar mass) with other GRB hosts and field galaxies, the SSFRmass relation is plotted in Fig 8. The correlation between SFR and mass for star-forming galaxies is a broken power-law with a mass cutoff of log M ∼ 10.2 M or possibly somewhat higher at z > 1 (Whitaker et al. 2014 ). Translated to the SSFR, this implies a constant SSFR below the mass cutoff while the relation drops at higher masses. Long GRB hosts have on average higher SSFRs than e.g. field emission-line galaxies from the SDSS (Japelj et al. 2016; Palmerio et al. 2019 ) and SSFR-M relations derived from other star-forming galaxy samples (see e.g. Whitaker et al. 2014) . The SSFR of the host of GRB 190114C also lies above the relation for typical star-forming galaxies and has an SSFR on the upper end of the distribution of long GRBs at z < 0.5.
The metallicity, SFR, SSFR and stellar mass of the host galaxy of GRB 190114C do not show any striking peculiarities with respect to other GRB hosts, except for the relatively high stellar mass for its redshift, a slightly higher SSFR as well as the atypical location of the GRB in the nucleus of the galaxy.
Conclusions
Our main conclusions are as follows:
1. High spatial-resolution imaging from HST showed that the host-galaxy system of GRB 190114C is composed of two galaxies at a projected separation of 6.8 ± 0.6 kpc. 2. ALMA CO(3-2) spectroscopy confirms that both galaxies are located at the same redshift, with a very low radial velocity difference, indicative that they are interacting in a plane that is almost perpendicular to the line-of-sight. 3. These two galaxies constitute a close pair merger system. These systems are known to result in an enhancement of SFR and a decrease in metallicity, which favour the production of GRB progenitors. 4. Both host galaxy and companion have a large molecular gasfraction, probably induced by the interaction, which is larger than typically found in isolated galaxies. 5. The host galaxy of GRB 190114C has a stellar mass of log(M/M ) = 9.27 +0.25 −0.28 , larger than typical GRB hosts at this redshift and a metallicity of 12 + log(O/H) = 8.3 or 43% solar, lower than typical field galaxies with similar mass. 6. The host galaxy is star-forming, with a SFR that has been measured using different methods, with values in the range 3 -25 M yr −1 . 7. The presence of He i emission lines in the spectrum indicates the existence of a young stellar population, in spite of the larger (although unconstrained) age derived from the SED fit.
8. The GRB exploded within the central cluster of the host galaxy, where the density is higher, at a projected distance of ∼ 170 pc from the core. This is at the lower end of the offsets found for long GRBs, and is even more extreme when we normalise the offset with the size of the host galaxy. 9. The fact that the GRB occurred in an extinguished line-ofsight, within the nuclear region of a galaxy, which is more massive than the average GRB host at that redshift, and has a significant molecular gas fraction is indicative of a particularly dense environment, which could have been crucial for generating the VHE photons observed by MAGIC.
More detailed studies of the close local environment of the GRB will be required to determine how peculiar this event was and whether the potentially dense environment could have produced the observed VHE photons.
